This study assessed comparatively the environmental dynamics of dissolved organic nitrogen (DON) and dissolved organic phosphorus (DOP) in water samples obtained from three locations (Lokoja, Jebba and Hadejia-Nguru) with five sampling sites in Northern Nigeria. These sites include Jebba, Matara-Uku, Lokoja, Baturiya and Nguru. Samples were collected during the dry and wet seasons of the year 2015 and levels of nitrogen and phosphorus determined using the persulphate wet-oxidation method. The average values for DON and DOP obtained ranged from 9.49±1.83 mg/l to 21.8±14.7 mg/l and 1.65±0.38 mg/l to 6.11±0.58 mg/l respectively. The values obtained for DON during the dry and wet seasons were Jebba (14.1±3.92), Matara-Uku (13.7±3.43), Lokoja (21.0±5.04), Baturiya (21.8±14.7), Nguru (7.14±2.40) and Jebba (13.9±1.97), Matara-Uku (11.3±2.62), Lokoja (9.59±1.46), Baturiya (9.49±1.83), Nguru (11.1±1.78) mg/l respectively. The mean values for DOP were Jebba (1.85±0.07), Matara-Uku (2.60±0.55), Lokoja (2.65±0.31), Baturiya (2.52±0.46), Nguru (1.65±0.38) and Jebba (3.70±0.16), Matara-Uku (5.55±0.24), Lokoja (6.11±0.58), Baturiya (4.93±0.90), Nguru (3.65±0.37) mg/l in the dry and wet seasons respectively. The DON concentrations were significantly higher (p<0.05) in the dry season when compared with the wet season while the DOP concentrations were significantly higher (p<0.05) in the wet season when compared with the dry season. This dynamics was attributed to run off from agricultural farm lands, hydrology and the rate of utilization of these nutrients by water plants. High concentrations of DOP and DON supportgood yield of agricultural produce of the farmlands around the wetlands.
INTRODUCTION
Wetlands are areas of marsh, fen, peat land or water whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh brackish or salt, including areas of marine water the depth of which at low tide does not exceed 6 meters (Ramsar 1994) . Wetlands form an important boundary between uplands and aquatic environments and are hydrologically linked by surface and/or subsurface flows (Mitsch and Gosselink, 1993) . Hydrology and hydrochemical regimes are the major factors controlling wetland vegetation, composition and structure (Kennedy, 2001 ).
The dissolved reactive phosphorus (DRP) fraction is the most available form of phosphorusin aquatic ecosystems, there is growing interest in the transport, transformation and bioavailability of organic phosphorus. Phosphorus occurs in natural waters in both particulate and dissolved forms, and the dissolved fraction consist of compounds like inositol phosphates, nucleic acids, sugar phosphates and condensed phosphates and orthophosphates (Peat et al., 1997) . The most frequently determined forms of dissolved phosphorus are DRP and total dissolved phosphorus (TDP).
Phosphorus can enter wetlands with suspended solids or as dissolved phosphorus with significant quantities associated with sediments (Walbridge and Struthers 1993) . Phosphorus removal from water in wetlands occurs through use by plants and soil microbes; adsorption by aluminium and iron oxides and hydroxides; precipitation as aluminium, iron, and calcium phosphates; and burial as adsorbed or to sediments or organic matter (Johnston 1991; Walbridge and Struthers 1993) . Due to low mineral matter content and high organic matter content, a large proportion of phosphorus in wetlands is stored in organic forms (Reddy et al., 1999) . Sources of such organic phosphorus in wetlands include herbicides, pesticides, fungicides, algae and runoff from farms. Dissolved organic nitrogen (DON) is a complex mixture that is primarily composed of amino acids, amino sugars, amides, peptides and heterocyclic-N compounds (Leenheer, 2004) .The primary sources of DON include agricultural fertilizers, wastewater discharges, forest litter, and excretion of algae products in eutrophic water (Westerhoff and Mash, 2002) . In aerobic wetlands, organic nitrogen may mineralize to ammonium, which plants and microbes can utilize, adsorb to clay, or diffuse to the surface (Johnston, 1991) .
Previous studies found that urban areas and agricultural farmlands contribute to DON and DOP concentrations (Harrison et al., 2005) .This is due to the fact that wetlands are intensively cultivated with extensive use of nitrogen-based fertilizers and organophosphoric insecticides. Pittal et al. (2014) also reported that industrial activities, extensive use of nitrogen-based fertilisers and organophosphoric insecticides in the Evros basin resulted in water bodies being enriched with DON and DOP. Wastewater discharges and runoff from agricultural farmlands have been found to contain elevated concentrations of DON (Westerhoff and Mash 2002) .The aim of the research was to determine the concentrations of DON and DOP in the water samples obtained from three wetlands in relation to changes in seasons as well as their geographical locations.
The Study Area
The Lokoja and Jebba wetlands (Figure 1) are part of the Lower Kaduna-Middle Niger wetlands which are located on the extensive floodplain of the mid-section of River Niger (in Nigeria) and the lower course of one of its main tributary, River Kaduna. The wetlands extend from Jebba (9 º 00′N 4 º 50′E) to Baro (8 º 35′N 6 º 25′E) along the Niger, and from Wuya Bridge on the River Kaduna, along the Jebba -Bida (9 º 00′N 6 º 00′E) road downstream to Pategi (8 º 45′N 5 º 37′E) on the south bank of the Niger.
The Hadejia-Nguru wetlands (Fig. 1) are located between latitudes 12 º 15'N and 12 º 55'N, and between longitudes 10 º E and 11 º E in the sudan savanna of Nigeria and are designated as a Ramsar site by the Ramsar Convention; it is presently the only Ramsar site in Nigeria (Hollis et al., 1993) . Baturiya wetland ( Figure  1 ) occupies an estimated area of 3500 square kilometres and is located between latitude 12°31'N and longitudes 010 º 29'E (Hollis et al.,1993) .In Jebba wetland samples were collected from sites J1, J2, J3, J4, J5, J6 and J7, in Matara-Uku wetland samples were collected from sites M1, M2, M3, M4, M5, M6 and M7, while in Baturiya wetland sites BR1, BR2, BR3, BR4, BR5, BR6 and BR7 were sampled. Likewise, in Lokoja wetlands sites LA1, LA2, LA3, LA4, LA5, LA6 and LA7 were also sampled. Similarly, samples were also collected from sites N1, N2, N3, N4, N5, N6 and N7 in Nguru wetland.
MATERIAL AND METHODS
All chemicals were of analytical grade. Solutions were prepared using distilleddeionised water.
Sampling and sample pre-treatment Samplings were carried out during the early part of the dry and the wet season of the year 2015.Water samples from the wetlands were collected in 500 cm 3 white, low-density polyethylene bottles from 35 sites across five sampling locations spread 200 m apart. The water samples were collected by immersing the sample container nozzle down 0.5 meter and slowly allowing them to fill (APHA, 1992) . All the samples were appropriately labelled and stored in a large plastic buckets with ice blocks. The water samples were then filtered using 0.7 µm GF/F grade filter and then stored in a refrigerator at 4 º C.
To 50 cm 3 of the filtered water sample in a 125 cm 3 Erlenmeyer flask 1 cm 3 of 2.5 M H2SO4 solution and 25 cm 3 of 0.185 M alkaline persulphate solutions were added and boiled gently using a hot plate until a final volume of 10 cm 3 was attained. The resulting solution was allowed to cool then diluted to 30 cm 3 with distilled water. A drop of phenolphthalein indicator solution was added and neutralized to a faint pink colour with 0.42 M NaOH solution.
Figure 1: Location of Jebba, Lokoja Hadejia-Nguru Wetlands in Northern Nigeria
Procedure for phosphorus determination Exactly 30 cm 3 of the sample was pipetted into a 50 cm 3 calibrated flask with the addition of 8 cm 3 of the mixed reagent (which comprise 125 cm 3 of 2.5 M tetraoxosulphate (VI) acid, 37.5cm 3 of 0.0324 M ammonium molybdate, 75 cm 3 of 0.1 M of ascorbic acid and 12.5 cm 3 of 0.008214 M potassium antimony tartrate solution) and mixed thoroughly (Johnes and Heathwaite,1992) . The solution was allowed to stand for 20 minutes for optimum colour formation after which the absorbance of the sample was measured at 880 nm (using A755S UV-VIS spectrophotometer equipped with Deuterium Lamp and Halogen-Tungsten Lamp), using reagent blank as the reference solution (Charles et al. 2003) . The total dissolved phosphorus was determined after persulphate digestion of the samples and the hydrolysable phosphorus was determined after digesting the samples using 5 M tetraoxosulphate (VI) acid. The concentrations of total dissolved phosphorus and hydrolysable phosphorus were extrapolated from the calibration curve. The Dissolved organic phosphorus (DOP) concentration was then calculated by subtracting the hydrolysable Phosphorus concentration from total dissolved phosphorus (TDP) concentration.
Procedure for nitrogen determination
To 50 cm 3 of the filtered water sample in a 125 cm 3 Erlenmeyer flask 1 cm 3 of 2.5 M H2SO4 solution and 25 cm 3 of 0.185 M alkaline persulphate solutions were added and boiled gently using a hot plate until a final volume of 10 cm 3 was attained. The resulting solution was allowed to cool then diluted to 30 cm 3 with distilled water. A drop of phenolphthalein indicator solution was added and neutralized to a faint pink colour with 0.42 M NaOH solution. Five (5) cm 3 of the digested sample was pipetted into a 50 cm 3 volumetric flask and 10cm 3 of 0.5 M NaOH solution and 10 cm 3 of the reducing reagent (0.0169 mol/dm 3 of hydrazine sulphate, 0.016 moldm -3 of copper sulphate pentahydrate and 0.0619 mol/dm 3 zinc sulphate), (Johnes et al., 1992) , were added and heated for 15 minutes at 52 º C. Afterwards, 10 cm 3 of 0.0581 M acidic sulphanilamide solution was added, shaken thoroughly for 5 minutes for the diazotization reaction to go to completion. Finally, 10 cm 3 3.86 x 10 -3 moldm -3 N-(1-Naphthyl)ethylenediamine dihydrochloride solution was added to form an azo dye and the contents diluted to 50 cm 3 with water. The absorbance of the pink coloured dye solution was measured at 540 nm against the corresponding reagent blank (Johnes and Heathwaite, 1992) . The total nitrogen was determined after the persulphate digestion as described above, while the NO3 -and NO2 -), were determined following the procedure above without the persulphate digestion, whereas NH4 + was measured colorimetrically by the indophenol method as described below. DON was then calculated by subtracting the sum of the inorganic nitrogen species (NO3 -, NO2 -and NH4 + ) from total dissolved nitrogen (TDN).
Procedure for NH4 + -N Determination (indophenol method)
To 25 cm 3 of the sample in 50 cm 3 Erlenmeyer flask was added 1 cm 3 phenol solution, 1 cm 3 sodium nitroprusside solution and 2.5 cm 3 oxidising solution (0.34 moldm -3 alkaline trisodium citrate and sodium hypochlorite), (Nikolaos, et al., 2010) . the resulting solution was thoroughly mixed after each addition. The samples were covered with plastic wrap and kept in the dark at ambient temperature for 1 h (Nikolaos et al., 2010) .The absorbance was measured at 640 nm against the reagent blank.
Data Analysis
All analyses were performed in triplicates and the results expressed as mean±SD. The SPSS veersion20.0software was used for the analysis. The difference in DON and DOP concentrations among the different sites were tested by analysis of variance method, (ANOVA) and Tukey's test was used to determine pair wise differences among locations. A value of p<0.05 was considered statistically significant. Table 1 shows DOP concentrations in wetland ponds during the wet season of 2015. The concentrations determined were in the range of 3.19±0.022-6.54±0.13 mg/l. Highest level was observed at site LA5 in lokoja (6.54±0.13 mg/L) while the lowest value was recorded at site N5 in Nguru wetland during the wet season. Results from analysis of variance Table 2 , show a significant difference (p<0.05) among the DOP concentration from the various sites.
RESULTS AND DISCUSSION
The DOP content of all the samples in the study were greater than the permissible limit of 0.03 mg/l defined by WHO (2011) . The Tukey test ( (Table 5) indicate that there was no significant difference between sites Jebba and Nguru, but a significant difference was observed between these two sites and those of Baturiya, MataraUku and Lokoja (Figure 2 ), during the dry season The mean DOP concentration (Figure 3) , decreases in the following sequence during the dry season: Lokoja>Matara-Uku>Baturiya>Jebba>Nguru. The low values recorded during the dry season may be due to adsorption of DOP onto clay and precipitation as calcium and aluminium phosphates. The dissolved organic phosphorus (DOP), concentrations in surface water collected from central Baltic ranged from 0.20 to 0.31 mg/l (Monika and Günther, 2007) , which is lower than the values recorded in all sites analysed in this study. This may be attributed to the runoff from farm lands around these wetlands as well as the use of organic refuse wastes from dumping sites as a source of manure. It has been reported in UK that agricultural lands contribute about 28 % of the phosphorus load in water bodies (Hunt et al., 2004; White and Hammond, 2007) . Similarly, Wei et al., (2013) reported an averaged value of 0.021±0.003 for the total phosphorus in surface water. However, this value is far more less than the values recorded in this study, which may be associated with the use of waste treatment plant in this area. Nguru wetlands which have the lowest DOP, concentrations among the wetlands studied, may be attributed to increase in photosynthetic activity of algae and other aquatic vegetations, which lower the levels of dissolved carbon (IV) oxide, CO2, in the water resulting to high pH levels. Diaz et al., (1995) , also reported that high pH values associated with high calcium levels can potentially, precipitate phosphorus as calcium-phosphate minerals.In addition, the DOP levels in sites LA2, M2 and BR2 in the wet seasons were significantly higher than those recorded for sites J2 and N2. A survey of the wetlands revealed that, these locations experience intensive farming activities as well as runoff from residential homes. Generally, the DOP concentrations were higher in the wet season than in the dry season, possibly due to run off run agricultural lands and input from domestic waste. Table 6 shows DON concentrations in wetland ponds during the wet season of 2015. The concentrations recorded were in the range of 6.79±0.11-17.1±0.22 mg/l. Highest level was observed at site J2 in Jebba (17.1±0.22mg/L), while the lowest value was recorded at site BR2 in Baturiya wetland during the wet season.
Also, Table 2 , shows that there is a significant difference (p<0.05) among the DON concentration from the various sites. The DON content of all the samples in the study were greater than the permissible limit of I.0 mg/l defined by WHO (2011) . From the posthoc test (Table 7) , significant difference was recorded between sites Baturiya and Jebba, Lokoja and Jebba, during the wet season, as the difference between their mean concentrations is greater than the list Significant Difference (LSD) value. But no significant difference was recorded between Nguru and Jebba and Matara-Uku and Jebba. The Tukey test (Table 9 ), indicate that the mean DON concentration in site Nguru is significantly lower than those recorded in Lokoja and Baturiya during the dry season. The difference between the levels of DON in sites Nguru and Matara-Uku, Nguru and Jebba were 6.52 and 6.94 respectively, which were lower than the LSD value, indicating that the levels of DON in the two sites do not differ significantly. However, the DON concentrations in Jebba wetlands are lower than those recoded in Baturiya. The high level of DON recorded was attributed to the use of nitrogenbased fertilizers and the inflow of wastewater into the wetlands from residential homes. observed in this study. Whereas, DON concentrations obtained in boxford mash riparian wetland on river lambourin in Southern England ranged from 2.0 to 4.0 mg/l (Prior and Johnes, 2002) , which was lower than the values recorded in this study. It has been observed that agricultural lands contribute 70 % of the nitrogen load to UK water bodies (Hunt et al., 2004; White and hammonnd, 2007) . The major activity in the sampling area is farming, which involved the use of inorganic and organic fertilizers. This may have contributed to the high levels of DON recorded. The relatively low DON concentrations obtained in Nguru wetlands may be attributed to bacterial ammonification of DON to ammonium and nitrate (Kerner and Spitzy, 2001) . They also reported that in Elbe estuary about 65 -86 % of the DON was converted to nitrate.
The marked variation in the volume of wetland ponds in the different sites coupled with the long hydroperiod observed in Nguru wetlands, may have also contributed to the relatively low DON and DOP recorded in this area.
There is no systematic trend in DOP and DON concentrations as one move from one sampling site to the other in each of the location (Tables  1, 4 , 6 and 8). These wetlands receive run off from farm lands in all directions and observed similar hydroperiod which may have led to the observed similarity in DOP and DON levels in each wetland location. Figures 2, 3, 4 and 5 revealed that the concentrations of DOP were much lower than those of DON in both the wet and the dry seasons. Since, phosphates and nitrates are considered nutrients for organisms such as algae and even though both compounds are found at high levels in the wetlands samples, phosphorus appear to be the limiting factor. This results in the use up of phosphate content of the samples in comparison with nitrate levels. From the differences in these nutrients dynamics between the wet and dry seasons, it could be suggested that fertilizers, organophosphoric insecticides and run off are the major source of DON and DOP in these wetlands (Alex, et al., 2012) .
CONCLUSION
Seasonal dynamics of DON and DOP concentrations were identified in different sites of the wetlands. The DOP concentration was 218 times greater than the recommended value at the upper limit and 42 fold greater than the recommended value at the lower limit. While that of DON is 37.2 times higher than the permissible limit at the upper limit and The results from the analysis revealed that the wetlands contained high concentrations of nitrogenous and phosphorus compounds.
